INTRODUCTION
Oral cancer comprises cancers in the lip and oropharynx. They are the sixth most common type of cancers worldwide. Oral cancer has a 5-year mortality rate of approximately 50%, 1 which has not changed significantly over the last 50 years. 2 Oral cancers are thought to account for an estimated 650,000 new cancer cases and 350,000 cancer deaths worldwide per year. 3 There are certain high-risk regions that include south-central Asia for cancers of the oral cavity, and South America and western Asia for laryngeal cancers. RevIew ARtIcle
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Among all the possible etiological factors, human papillomavirus (HPV) plays a significant role. It is well established that the major risk factors for oral cancer are tobacco and alcohol consumption constituting approximately 75% of cases. In patients consuming both products, the risks for cancer occur in a supraadditive fashion, and generally increase more than 35 times in patients who consumed more than 20 cigarettes and more than 4 drinks on any day or 14 per week. 3 The high morbidity rate in OSCC can be attributed to the delay in the diagnosis of the disease. 4 The diagnosis of oral cancer and/or the malignant potential of an oral lesion is based on various aspects, such as (a) etiology associated with the use of tobacco, presence of factors, such as detection of HPV, (b) clinical appearance of the lesion (leukoplakic, erythroplakic, nodular, ulcerative, verrucous), (c) location of the lesionthe high-risk sites being floor of the mouth, ventrolateral aspect of the tongue etc., (d) histopathological aspectspresence of epithelial dysplasia, and (e) molecular biological aspects of the lesion. 5 At present, the diagnosis of OSCC is through comprehensive clinical examination and histological analysis of suspicious areas, but it may remain undetected in hidden sites. 6 Since the molecular pathogenesis of oral cancer is complex, numerous studies have been done in this field to understand the possible role of molecular biological markers in cancers, which help in assessment of cancer risk, and potentiality of a lesion toward malignant transformation and also in predicting the prognosis.
These biomarkers may perhaps be important indicators of physiological or pathological conditions and provide information for the detection of oral cancer at any stage. Thus, they could serve as a widely available screening tool for diagnosis and prognosis of the disease process. There are two ways for studying the role of biomarkers in oral cancer, i.e., grade of epithelial dysplasia and presence/absence or the distributive pattern of the biomarkers. • They should prognosticate a higher or lower risk for eventual development of recurrence.
• They should change as the current status of the tumor changes over time.
• They should precede and predict recurrences before they are clinically detectable.
Biomarkers for Oral Cancer Applications
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• Biomarkers predict the earliest change in the malignant transformation of epithelial cell.
• The early identification of markers will, therefore, help the clinicians to institute various preventive measures and necessary therapeutic measures at the earliest.
• Biomarkers will reveal various genetic and molecular changes in the early, intermediate, and late stages of oral cancer.
• Monitor progression or recurrence and treatment compliance.
• Useful in early stages of cancer drug development.
• Determine efficacy and safety of chemopreventive agents
Conjectures about Probable Mechanisms that Lead to the Presence of Genotypic and Phenotypic Markers in the Saliva
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Salivary cell-free nucleic acids and proteins may be derived from serum or can be locally produced. In the salivary glands, acinar cells will produce nucleic acids and proteins, which later gain entry into the oral cavity through intracellular routes (active transport or passive diffusion) or extracellular routes (ultrafiltration through tight junctions) or through gingival crevicular fluid. The cancerous cell in all stages will release cellular DNA and proteins in saliva as a result of cell necrosis, apoptosis, and trauma. Another mechanism leading to the release of mRNA, microRNA (miRNA), and proteins in the saliva is through exosomes originating from the endoplasmic reticulum. They are thought to play a role in the cell-free intercellular communication (Table 1) .
Molecular Markers for Oral Cancers
There are numerous biomarkers that have a significant role in OSCC patients. They are classified as DNA biomarkers, RNA biomarkers, or protein markers (Table 2) . 16 based on their research, have found that the malignant potential is more in premalignant lesions with higher DNA content than lesions with normal DNA content irrespective of any histopathological grading of tumor. Therefore, cancers with higher DNA content predict the aggressiveness of the tumor 17 and such cancers have greater probability for spread through perineural invasion and lymph node metastasis. Loss of heterozygosity (LOH) is defined as loss of genomic material in one of the chromosomal pair. Based on various studies, it has been shown that presence of tumor suppressor gene (TSG) in the area of LOH predicts early malignant transformations in potentially malignant disorders. 18 This helps the clinician to identify high-and low-risk lesions in the context of management. Studies have demonstrated frequent LOH in chromosome 3p, 9q, 13q, and 17p as an early event in oral carcinogenesis.
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Mitochondrial DNA mutations have also been useful to detect exfoliated OSCC cells in saliva. 20 Such mutations have been identified in 46% of head and neck cancer and in 67% of saliva samples from OSCC patients by direct sequencing. 21 The p53 TSG gene located on chromosome 17p13.1 shows mutation in 50 to 70% of epithelial tumors, and LOH of p53 allele has been reported in 20% of oral cancer. 22 Boyle et al 22 showed mutations in the p53 TSG in 71% salivary samples in head and neck cancer patients using plaque hybridization. Other genes related to p53 such as p16, p27, p63, p73 are found to be altered in oral cancer.
In cancer cells, aberrant methylation of TSGs is a common finding and it has been reported that promoter hypermethylation of p53 TSG gene is a suitable biomarker in OSCC patients. Cyclin D1 gene amplification has been related to the poor prognosis in patients with OSCC. 23 In saliva of OSCC patients, the levels of Ki67 marker were found to be increased while 8-oxoguanine DNA glycosylase, phosphorylated-Src, and mammary serine protease inhibitor (Maspin) were found to be decreased as evident in various studies. 24 The presence of HPV and Epstein-Barr virus (EBV) genomic sequence has been identified as possible DNA markers in detecting OSCC and tumor progression. 25 
RNA as a Biomarker
The RNA has been found to be informative marker, and salivary RNA signatures have been identified for oral cancer. The RNAases are the enzymes that are associated with the degradation of RNA present in saliva. 26 However, cell-free RNA is present in saliva both in intact and fragmented forms. It has been speculated that salivary mRNA is contained in apoptotic bodies or actively released in exosomes or micro vesicles. 11 Researchers compared the clinical accuracy of saliva with that of blood RNA biomarker for oral cancer detection and found that RNA biomarkers in saliva have a sensitivity and specificity of 91 and 71% respectively, when compared with blood RNA biomarkers. 27 Li et al, based on their research findings, concluded that a variety of mRNA molecules were upregulated in the saliva of OSCC patients. 28 Seven mRNA molecules and their function have been described (Table 3) . 20 
miRNA as a Biomarker
The miRNAs are considered as potential biomarkers found in saliva of patients with OSCC. They are short The miRNA content has been found to be increased in various cancer types, ranging from 10 to 100 times the normal amount. The miRNA has been proved to be a useful marker when compared with mRNA in discriminating solid and poorly differentiated tumors. In contrast to studies indicating high content of miRNAs, one study (Park et al) 29 reported significantly reduced levels of miRNAs, such as miR-125a and miR200a (tumor suppressors) in the saliva of patients with OSCC when compared with control group. Recently, it is also shown that salivary miR-31 (implicated in tumorigenesis) was appreciably superior in all stages of oral cancer, and that salivary miR-31 was more copious than blood miR-31, representing the oral tumor origin of this biomarker.
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Proteins as Biomarkers
Proteins are highly tissue-specific molecules originating from the living cells. Protein markers are considered as differentiation antigens of corresponding normal tissue and typify a certain stage of its maturation. Increased content of various protein biomarkers has been detected in many pathologies in head and neck region including OSCC. 30 Salivary protein markers are moderately sensitive and specific as prognostic markers. 21 Carbonylation (indicative of oxidative damage to proteins), because of its irreversible and irreparable nature and its association with cancer, has attracted a great deal of attention in cancer research. It is currently reported that a substantial increase in salivary carbonyls (246%) is seen in OSCC patients and points to the fact that there is a significant free radical attack to which the epithelial cells are exposed. 24 The cytoskeletal intermediate filaments are present in almost all normal and malignant epithelial cells as a result of increased activity of proteases enzymes, which causes degradation of filaments. These intermediate filaments are termed as "cytokeratins." Salivary samples in OSCC patients contain increased levels of cytokeratins (Cyfra 21-1). 10, 31 In addition to cytokeratins, many cytokines, such as IL-6, IL-8 are thought to play a role in host defense mechanism and inflammatory process. They play a prominent role in tissue remodeling, angiogenesis, cellular proliferation, and differentiation. They are identified as important mediators of cancer development and powerful activators of not only apoptosis, but also antiapoptotic signaling cascade and, hence, play a role in early detection of oral premalignancies and OSCC. 32 Several studies reported increased levels of cytokines IL-6 and IL-8 in salivary samples of OSCC patients.
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Altered profiles of matrix metalloproteinases (MMP-9, 11) have been reported in many variants of OSCC. Among them, MMP-9 polymorphism was shown to have a strong association with increased risk for developing OSCC. 34 The MMP-9 causes degradation of basement membrane type-IV collagen, collagen (V, VII, X), elastin, and fibronectin. 23 Defensins are peptides found in azurophilic granules of polymorphonuclear leukocytes. They are known to possess antimicrobials and cytotoxic properties. Studies conducted by Mizukawa et al 35 reported increased salivary levels of defensin 1 in OSCC patients compared with control group. Other salivary biomarkers that are significantly altered in OSCC patients as compared with healthy controls are inhibitors of apoptosis, SCC-Ag, RNS, 9 IGF. 23 The lactate dehydrogenase 28 
